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The frequency of an electromagnetic f i e 1  confining a plasma i 
may be lowered if  a magnetostatic f i e l d  is  u t i l i zed  jointly.  

The conditions which such combinations must s a t i s fy  are 

examined succinctly and several solutions are proposed. 

IPJTR0DUCTION.- An electromagnetic f i e l d  of frequency f 

exerts upon a plasma forces often containing an important component 

of frequency 2f under whose e f fec t  the boundary of the plasma 

osc i l la tes  i n  case of a confinement [l, 2, 33. I n  order t o  maintain 

t h i s  amplitude l o w  i n  f ront  of the dimensions of the confining 

device, one i s  then led t o  u t i l i z e  ra ther  high frequencies and t h i s  

ra i ses  a cer ta in  number of d i f f i c u l t i e s  [2]. 



2. 

One may think o f  l imit ing plasma f l o w s  perpendicularly t o  i t s  

surface with the aid of an auxilia-ry s t a t i c  magnetic f i e l d  s o  as to be 

able -Lo make use of a lower frequency, 

RESPECTIVE ARRANGEMENTS OF THE FIZLDS AND PLASMA. - The l ines  

OS force of  the s t a t i c  magnetic f i e l d  Bo must obviously be nearly 

pa ra l l e l  t o  the surface o f  the plasma. If the f i e l d  B i s  enjoined to 

$. 

$ 

be a true s t a t i c  f i e l d  whose tubes o f  force bound the plasma, t h i s  must 

be produced with the aid o f  a self-sealing solenoid. 

Di f f icu l t ies  a r i se  when the e l e c t r i c  f i e l d  E i s  perpendicular 

t o  the surface of the plasma, and also when E i s  perpendicular to Bo 

(inversion forces 

frequency [ 3 ,  41). The case when Bo and E are sensibly longitudinal 

exerted a t  passage from plasma frequency t o  gyro- 

re la t ive  t o  the plasma tube, and thus B, the magnetic nomponent of 

the high-frequency f i e ld ,  sensibly transverse, offers a par t icular  

The confinement mechanism i s  as f o l l o w s :  

Longitudinal currents Jz are generated i n  the plasma according 

to the direct ion common t o  E and Bod 

The action of the a.zhuthal component % of the transverse 

magnetic f i e l d  upon these currents provides the mean pressure gradient 

i n  time Vp =-= < JZBO >. 
To avoid leaks through the W f i e l d ' s  magnetic poles, one f~ ied 

t o  u t i l i z e  rotat ing configurations of the HF f i e l d s ,  



3 .  

ROTATING CONFIGURATIONS OF H'F MULTIPOLAR MAGNETIC FIELDSo- 

The u t i l i za t ion  of simple rotat ing f i e l d s  meets with a d i f -  

f i c u l t y  - the carrying away of the plasma by the f i e ld ,  e f f ec t  due 

t o  the trwe component of the conductivity as f o r  the rotor  of an 

induction motor [3, 5, 6). If the angular velocity of the plasma Wr 

may approach the synchronous velocity of  the f i e l d  w one may con- 

s ider  t ha t  the plasma i s  only subjected t o  a f i e l d  Totating a t  the 

l o w  s l iding velocity = tk- 

the plasma, decrease as but azimuthal currents J may appear, 

leading t o  a different  confinement mechanism, u t i l i z ing  the forces i n  

J B B o  already known E61 

described i n  a preceding paper. 

The currents Jz induced i n  cur * g 

and observed i n  the course of an experiment 

In case of a t o t a l l y  ionized plasma i n  a permanent regime, the 

electronic  and ionic currents J annul themselves, and the whole pro- 

cess i s  doomed t o  f a i lu re  d i f f i c u l t  t o  avoid. 

To u t i l i z e  then the mechanism i n  Wp = < JZBo  >, one may 

u t i l i z e  two configurations of magnetic f i e l d s  rotat ing a t  different  

veloci t ies .  The plasma cannot then be synchronous f o r  the two motions 

a t  the same time. A simple case i s  tha t  where ont of the configurations 

i s  purely s t a t i c ,  transverse t o  Boy 

t i on  speed of the plasma i s  determined by the character is t ic  of the 

couple as a function of the s l iding velocity of the plasma re la t ive  t o  

the f i e l d .  

and the other rotates .  The rota- 

If the plasma i s  strongly reactive, one may show than the 

i s  maximum f o r  a l o w  s l id ing  velocity, 



We represented in Fig. 1 the torque C1 exerted upon the 

plasma by the f i e l d  rotat ing a t  the speed 6 and the braking torque 

C2 exerted by the fixed f i e ld .  

W e  may see tha t  the plasma velocity f o r  which the torques 

are equilibrated when one s t a r t s  f rom a zero speed is  low, and tha t  

t h i s  point corresponds t o  a steady equilibrium. In case of l i t t l e  

reactive plasma, the equilibrium velocity would get nearer the mean 

ve 1 oc i t y  

I n  f ac t ,  f i e l d s  rotat ing a t  different  speeds are realized by 

l i nea r  combinations of s ta t ionary f i e l d s  o f  various frequencies. 

Another solution (simultaneously conceived by M. Ta i l le t )  allowing 

t o  keep the plasma prac t ica l ly  motionless re la t ive  t o  a rotat ing 

f i e l d  consists i n  reversing the direction of f i e l d  rotat ion a t  a 

suf f ic ien t ly  rapid timing. 

T 
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